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ABSTRACT

Amodal Instance Segmentation for Occluded Images

Zhixuan Li (Computer Application Technology)
Directed by: Prof. Tiejun Huang and Prof. Tingting Jiang

ABSTRACT

Segmentation is a fundamental task in computer vision, which aims to deeply understand
visual scenes by segmenting objects in images and videos. Instance segmentation, which inte-
grates various basic recognition algorithms such as image classification, object detection, and
semantic segmentation, has been widely applied in practical scenarios such as autonomous
driving, medical imaging, and industrial robotic arms. However, current instance segmenta-
tion algorithms mainly focus on the visible shape of the target object, paying little attention
to the shape of the occluded parts. In actual scenes, object occlusion is very common due to
various reasons, such as occlusion between cars and pedestrians or the tumor being occluded
by organs in medical imaging. In these scenes, obtaining the complete shape of the target
object, including both visible and occluded regions, can lead to a more comprehensive under-
standing of the content in the scene. The task of predicting the complete shape of the target
object is known as amodal instance segmentation, and existing research has explored this task
through various approaches, but many issues still need to be solved. This thesis first summa-
rizes three important challenges that have not yet been solved based on the current researches
of amodal instance segmentation, including occlusion information perception, shape diversity,
and single-view ill-posed problems. This thesis proposes solutions from three aspects: oc-
clusion information modeling, shape prior modeling, and multi-view information fusion. The
main contributions of this thesis include:

The first study analyzes the impact of occlusion on amodal instance segmentation tasks
and proposes a method to model occlusion information in order to improve the perception
of occluded objects. This is achieved by understanding and learning the degree and shape
of occlusion from both global and local perspectives using a Transformer network. The pro-
posed method uses an occlusion discrimination network to learn an occlusion-aware initial
query vector and an occlusion-aware attention shape mask. Experimental results on the D2SA
and COCOA-cls benchmarks show that the proposed method effectively handles the occlusion

confusion problem in amodal instance segmentation tasks.
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The second study deals with the problem of shape diversity, specifically the effect of affine
transformations on amodal shape learning. The proposed method introduces a new framework
that decouples the learning of shape priors from the effects of affine transformations, which im-
proves the generalization performance of amodal shape learning under different affine transfor-
mations. Experimental results on the D2SA, COCOA-cls, and KINS benchmarks demonstrate
the effectiveness of the proposed method in addressing the problem of affine transformations
in shape diversity.

The third study proposes a 3D shape prior model that is learned through unsupervised
single-view reconstruction to handle the problem of shape diversity caused by 3D viewpoint
changing. The proposed method links occluded 2D instances with complete 3D models, which
enables the understanding of the shape of objects in 3D space. Experimental results demon-
strate that the proposed 3D shape prior model has good generalization performance for new
viewpoints and can perform well on amodal instance segmentation tasks.

The fourth study proposes a method that uses multi-view information to reduce shape
uncertainty in occluded regions and introduces a new task of multi-view amodal segmentation,
along with a corresponding dataset. The proposed dataset uses a synthetic approach to create
a multi-view amodal segmentation dataset for accurate annotations. Besides, a new method to
fuse features from different views and instances is proposed. Experimental results demonstrate
that the proposed method effectively uses multi-view information to improve amodal instance
segmentation performance.

In summary, this thesis systematically investigates the problem of amodal instance seg-
mentation in occlusion scenarios. By progressively addressing the modeling of occlusion in-
formation and shape diversity issues in a single view, as well as the feature fusion problem
in multiple views, the performance of amodal instance segmentation algorithms is improved.
The proposed method in this thesis demonstrates well generalization performance in real-world

scenarios, therefore it has important theoretical significance and practical value.

KEY WORDS: Image Recognition, Instance Segmentation, Occluded Scenario, Amodal Per-
ception

v



	封面
	摘要
	ABSTRACT
	目录
	第一章  引言
	1.1 研究背景、问题与意义
	1.2 问题的难点与挑战
	1.3 本文的研究内容和贡献
	1.4 本文的组织结构

	第二章  背景知识和相关工作
	2.1 传统的图像分割算法
	2.2 基于可见区域的图像分割
	2.2.1 语义分割
	2.2.2 实例分割

	2.3 非模态分割
	2.3.1 非模态实例分割
	2.3.2 非模态语义分割
	2.3.3 非模态全景分割

	2.4 本章小结

	第三章  基于遮挡可区分特征的非模态实例分割算法
	3.1 概述
	3.2 基于遮挡信息感知的非模态实例分割
	3.2.1 整体架构
	3.2.2 编码器和级联全局特征解码网络
	3.2.3 遮挡判别网络
	3.2.4 非模态信息解码网络
	3.2.5 损失函数

	3.3 实验
	3.3.1 实验设置
	3.3.2 与已有算法的对比结果
	3.3.3 消融实验

	3.4 小结与讨论

	第四章  基于二维形状先验建模的非模态实例分割算法
	4.1 概述
	4.2 基于二维形状先验学习的非模态分割算法
	4.2.1 整体算法流程概述
	4.2.2 预处理阶段
	4.2.3 具有变换鲁棒性的非模态特征学习

	4.3 实验
	4.3.1 实验设置
	4.3.2 和已有方法的对比
	4.3.3 形状先验预测性能的比较
	4.3.4 消融实验

	4.4 小结与讨论

	第五章  基于三维形状先验建模的非模态实例分割算法
	5.1 概述
	5.2 无监督单视图三维重建的背景知识
	5.3 基于三维形状先验学习的非模态分割算法
	5.3.1 整体框架
	5.3.2 非模态物体检测与可见区域实例分割
	5.3.3 类别有关的三维建模
	5.3.4 二维非模态分割掩码的生成
	5.3.5 区域自适应的边缘优化
	5.3.6 损失函数
	5.3.7 预训练与微调策略
	5.3.8 跨视角交叉约束技术

	5.4 实验
	5.4.1 数据集
	5.4.2 实现细节
	5.4.3 非模态实例分割算法的定量实验结果
	5.4.4 非模态实例分割算法的定性实验结果
	5.4.5 预训练的有效性
	5.4.6 消融实验

	5.5 小结与讨论

	第六章  基于多视角信息融合的非模态实例分割
	6.1 概述
	6.2 多视角非模态实例分割数据集
	6.2.1 数据集内容介绍
	6.2.2 数据集构建
	6.2.3 数据集统计信息
	6.2.4 数据集的划分
	6.2.5 与已有数据集对比
	6.2.6 应用

	6.3 多视角融合算法
	6.3.1 整体架构介绍
	6.3.2 特征提取阶段
	6.3.3 多视角融合阶段
	6.3.4 损失函数

	6.4 实验
	6.4.1 实验设置
	6.4.2 多视角非模态实例分割
	6.4.3 对真实场景的泛化效果
	6.4.4 消融实验
	6.4.5 计算资源
	6.4.6 对本章所提出的任务和数据集的讨论

	6.5 本章小结与局限性讨论

	第七章  结论与展望
	7.1 本文的工作总结
	7.2 进一步的研究方向

	参考文献
	个人简介及攻读博士学位期间的科研成果
	致谢
	北京大学学位论文原创性声明和使用授权说明

